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Features 

• Compatible with MCS-51» Products 

• 2 Kbyte* of Reprogrammable Flesh Memory 

Endurance: 1,000 Write/Erase Cycle* 
Data Retention: 10 Years 
e 2.7 V to 6 V Operating Rang* 

• Fully Static Operation: Hz to 24 MHz 
e Two-Level Program M em ory Lock 

• 128 x 8^ Internal RAM 

• 15 Programmable I/O Lines 

• Two 19-Bit Timer/Counter* 

• Five interrupt Sources 

• Programmable Serial Channel 

• Direct LEO Drive Outputs 

e On-Chip Analog Co mparato r 

• Low Power (die and Power Down Modes 

Description 

The AT89C251 it a km-powcr. high-performance CMOS S-bit microcomputer with 2 Kbytes 
of Flash programmable and erasable read only memory (PEROM). Hat device is manufac- 
tured using Atmei'i high density oouvoiatilc memory technology and i» compatible with the 
Industry standard MCS-5 1™ instruction set and pi mm*. By combining a versatile 8-bit CPU 
with Finn on a moneiilruc chip, the Atmel AT89C251 is a powerful microcomputer which 
provides « highly flexible and cost cflcctiye sohition to many embedded controi application*. 

The AT89C25I provides the following standard features: 2 Kbytes of Flash. 128 bytes of 
RAM, 15 I/O fines. t*«164Biuaieric^^ 

fail duplex serial port, a precision aaalof comparator, on-chip oscillator and dock circuitry. 
In addition, the AT89C251 is designed with static logic for operation down to zero frequency 
and supports twt software selectable power saving modes. The Idle Mode stop* the CPU 
wttksauowugrr:RAM,timetfeotia« 

ing. The Power 1 Jown Mode save* the RAM contorts bat freezes the oscillator disabling aD 
other chip functions tmtil the next hardware reset. 
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Block Diagram 
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Pin Description 

Vcc 

Supply voltage. 

GND 
Ground. 

Pottl 

Port I is an 8-bit bidirectional VO pott Pott pins PI 2 to P1.7 
provide internal puilups. PI .0 and PI .1 also terve as the positive 
input (AI>RK«ndiheiies^vejDp«(An<l), respectively, of the 
on-chip pieuiuon analog comparator. The Port 1 output buffers 
can sink 20 mA and can drive LED displays directly. When li 
are written to Pott 1 pins, they can be used as inputs. When pins 
P1.2 to Pl-7 arc used a* inputs and are externally palled low, 
they will source current (HL) because of the inteniai puilups. 

Port 1 also re ce ives code data daring Flash programming and 
program verification. 

Porta 

Port 3 pins P3.0 to FJ.6 arc seven bi di rect i onal BO pins with 
internal puilups. P3.7 is bard-wired as as input to the output of 
lbs nvchip comparaior and is not accessible as a general par* 
pose VO pin. Has Port 3 output barren can sink 20 mA. When 
li are written to Port 3 pins they are polled high by the internal 
puilups and can be used as inputs. As is^ufe Pott 3 pins that are 
externally being polled km will raurce corrcat (InJ became of 
tbepaUups. 

Pert 3 also serves the tractions of various special features of the 



• AT89C2S1 as listed bebw: 



Port Pin 


Alternate Functions! 


P3.0 


RXD (serial (nput port) 


P3.1 


TXD(s«fiaJ output port) 


P3i 


INTO (saterrwJ interrupt 0) 


P3L3 


1NTT (external Interrupt 1) 


P3.4 


TO (timer external input) 


P3.S 


T1 (timer 1 oxternal input) 



Pen 3 abo recei ves some control signals for Rasa programming 
and programming verification. 

RST 

Reset input All VO phu ate reset to Is as soon as RST goes 
high. Holding the RST pin high for two m ac hin w cycles while 
the oscillator is ramiing resets the device. 

XTAL1 

Input to the inverting t*cill*ror amplifier aod input to the inter- 
nai clock operating circuit. 

XTAU 

Output from the inverting oscillator ampiiiier. 



Program Memory Lock Bits 

On the chip are two lock bits which can be left un programmed 
(U) or can be programmed (P) to obtain the additional feature* 
listed in the taMe below: 



Lock Bit Protection Modes 



Program Lock Bits 
LBi LB2 


Protection Type 


1 u u 


No program lock features. 


2 P U 


Further programming of the 
Flasrt is disabled. 


3 P P 


Same as mode 2, also verify 

is disabled. 
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Oscillator Characteristics 

XXAU aodXTAUin:tlKinpi<iidomput,rtspectiveiy.Qfu 
inverting amplifier which can be configured for use as ta on- 
chip QKdHator. as shown in Figure 1. Either • quartz crystal or 
ceramic resonator may be used To drive die device from an 
catena deefc s carce, XTAL2s>oti)d be left 
XTAL1 is driven as shown in Figure 2. There are no require- 
ments on the duty cycle of the external dock signal, since the 
input to tbe internal clocking circuitry is through a divide-by- 
two flip- flop, bat mimrnirm and maximum voltage high and low 
time sprrifications must be obaei ted. 

Idle Mode 

Id idle mode, the CPU pots itself to sleep while all (he on-chip 
peripherals remain active. Tbe mode is invoked by lo ft w ai e. 
Tbe content of tbe oo-chip RAM and all tbe special fntictiotis 
registers remain unchanged during Ibis mode. Us* idle mode 
can be terminaied by any enabled intcrropt or by ■ hardware 
reset. 

It should be noted that when idle is terminated by a hardware 
reset, the device normally ifiwiir.i program execution, from 
where it left off, up to two machine cycles before the internal 
reset algorithm takes control. On-chip hardware inhibits access 
lo internal RAM in (his event, but access to the port pins is not 
i nhib i te d. To eliminate the possibility of an unexpected write to 
a port pin when idle u tonnnatod by reset, the instructioa fol- 
lowing the one that invokes Idle should not be one that writes to 
a port pin or to external meuaary. 

Power Down Mode 

In the power down mode the oscillator is stopped, and the in- 
struction that invokes power down is tbe last instruction exe- 
cuted. The on-chip RAM and Special Function Registers retain 
their values until the power down mode is terminated The only 
exit from power down is a hardware reset. Reset redefines the 
SFRx but does not change (he on-chip RAM. The icset should 
not be activated before Vcc is restored to Its normal operating 
level and must be held active long enough to allow the oscillator 
to restart and stabilize 



Figure 1. Oscillate* Connections 
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Notes: CI, C2 = 30 pP ± 10 pF for Crystals 

= 40 pf± 10 pF for Cenmic Resonators 



Figure 2. External Clock Drive Configuration 
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Ordering Information 



Speed 
(MHz) 


Poiwr 
Supply 


ftrriorirm f^rvfa ' 

V/IUVIniy vSIUf 


PsckarM 


Operation RanQ# 




V lO D.w V 


ATRQf^^l .1 9DC 
l OJV^fcj 1 * 1 cru 

ATB9C2S1-12SC 


OOP** 

20S 


(0"Cto70"C) 






AT89C251.19PI 
AT89C251-12SJ 


20P3 

Cur d 

20$ 


Industrial 
(-40°C to 85°C) 






ATfiOfQC* -1 9DA 
A 1 otimcO i - 1 «£ r A 

AT89C2S1-12SA 


2QS 


Alilnnmliija 

(-WCto125"C) 


16 


3.0 V tO 6.0 V 


AiwiGZol-loro 
AT89C251-16SC 


zos 


((rctoTo-c) 






AT89C251-16SI 


MM 

euro 
20S 


Industrial 
(-*0°Cto85°O 






ATftt^VJCI fiDA 
M 1 OVUra 1 M BrA 

AT89C251-16SA 


20S 


Autofnotiw 
(-40°CtO 125"C) 


20 


3.3 V to 6 V 


AT8BC251-P0PC 
ATB8C2S1-20SC 


20P3 
20S 


Convneitaal 

(o*c to 7o°c) 






AT89C251-20PI 
ATB9C2S1-20SI 


20P3 
20S 


Industrial 
H0"C to 8S°0 


24 


3.3Vto8U)V 


AT88CZ51-24PC 
ATB9C251-24SC 


20P3 
ZOS 


Comnwrdai 
(0*Cto70*C) 



8 
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Ordering Information 



PackagaType 



20P3 



20 Lead, 0.300" WHa, Ptaatfc Dual Mine Package (PCX P} 



208 



20 Load, OJOO" Wide, Plastic Gufl Wing Small Outflrw (SCXC) 



Packaging Information 



20F3, 20 Lead. 0300" Wide, 
Plastic Du»l Inline Pickafc (PDIP) 
Dimension* in locbn and d^Ulooaeters} 



urn mm 
***** 



J3_CLi ,n n n. vELOL. 

TP *U LI U v ' LIU L 

(— Ja>(Z2J« 



IS 



.080 (t2») 
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rum 



■Sffft " 



.119009 



Alt < Jtl) MM 



.0MCU9J 



1 ,070(1 J* 



<ran 



— |*o(m*9 mm 



MS, 2) Lead. 0300" Wide. Plastic Gull Wing Snail 
Outline (SOIC) 

Dnncnskxis in locoes and (Millimctcn) 



JT 



I (MB ^30<10.7) 
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Absolute Maximum Ratings* 



Operating Temperature 

Storage Temperature 

Voltage on Any Pin 

with Respect to Ground „ 

Maximum Operating Voltage . 

DC Output Current 



-55*Cto+125'C 

-65*Cto+150*C 

-1.0 V to +7.0 V 

6.6 V 

-.25.0 mA 



•NOTICE: Stresses beyond those fitted under "Absolute Maxi- 
mum Ratings" may cause permanent damage to tbc device. 
This is a mess ratal only «"* functional opefation of the se- 
ttee at these or any otter confidon bvyoixltixm indicated in 
the operational section* of (his specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods tray silcaacrkc reliability. 



D.C. Characteristics 



Ta - -40'C to 85'C, Vcc = 2.7 V to «.0 V (unless otherwise noted) 



8ymboi Parameter 


Condition 


Mln 


Max 


Units 


VtL 


limit Low Voftaoe 




-0.5 


02 Vcc-0.1 


V 


Vim 


input High Voltage 


(Except XTAL1, RST) 


0JZ Vcc+0.9 


VcC+05 


V 


Vmi 


Inout H)oh Voitaae 

tt ■Sl*W*> f ■ I r wevvatffw 


(XTAL1.RST) 


0.7 Vcc 


Vcc+0.5 


V 


Vol 


Output Low VottageW 
(Potts 1,3) 


tot -20 mA, Vco-SV 
l(X- 10 mA. Vcc - 2.7 V 




0.45 


V 




Output High Voltage 


Ioh » -«0 uA. Vcc - 5 V ± 10% 


2.4 




V 


Voh 


(Ports 1,3) 


Ioh- -30uA 


0.75 Vcc 




V 






Ioh = -12hA 


0.9 Vcc 




V 


k 


Logical input Currant 
(Porte 1,2. 3) 


V W - 0.45 V 




-50 


HA 


Itl 


Logical 1 to Transition 
Currant (Ports 1,Z,3) 


V W = 2V 




-750 


UA 


lu 


Input Leakage Current 
(Port P1.0, Pi.1) 


o<Vin<Vcc 




±10 


uA 


Vos 


Comparator Input Offset 
Voltage 


Vcc«SV 




20 


mv 


VCM 


Comparator input 
axronon Mode Voltage 







Vcc 


V 


RRST 


Reset Pulldown Resistor 




40 


200 


KQ 


Co 


Pin Capacitance 


Test Freq. ■ 1 MHz, Ta - 25"C 




10 


PF 




Power Supply Current 


Active Mode, 12 MHz, Vcc - 8 W3 V 




20/5.5 


mA 


ice 


kJe Mode, 12 MHz, Vcc - 6 V/3 V 




5/1 


mA 


Power Down Mode' 25 


Vcc = 6 V 




100 


MA 




Vcc*3V 




20 


HA 



Notes: I. Under steady state (iioa-aaasieat) concfitions, Iol most 2. Minimum VCC for Power Down b 2 V. 
bewtenully linailn I si follows: 
MtxirrKHn fat per port pkc 20mA 
Maximwn total IOL for aU ontpet pine MmA 
II 1UL exceeds (be test cumUtl m , VOL may auxai Uie 
xhant specification. Pins sre not guaranteed to ttak 
current &icattr than the Itatsd tsst enrvftkms. 



iflfriEL 
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External Clock Drive Waveforms 




External Clock Drive 



Symbol 


Parameter 


Min 


Max 


Units 




Ostiflator Frequency 





24 


MHz 


tOjQL 


Cloe* Period 


41.6 




rm 


tCHCX 


High Time 


15 




rw 


(CU3X 


Low Time 


15 




ns 


tCLCH 


Rteo Time 




20 


ns 


tCHO. 


FaOTJme 




20 


ns 
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Serial Port Timing: Shift Register Mode Test Conditions 

(Vcc - 6.0 V ± 20%; Load Capacitance - 80 pf) 



Symbol 


Paramatar 


12 MHz Osc 

Mn Max 


Variable Oscffiator 
Mn Max 


Units 


tXLXL 


Senal Port Clock Cycle Time 


1.0 


12iCLCL 




tQVXH 


Output Data Setup to Clock Rising Edge 


700 


10ICUX-133 


ns 


tXHQX 


Output Data Hold After Clock Rising Edge 


SO 


2tcua-33 


ns 


txHOX 


Input Data Hold Aflsr Clock Rang Edge 








ns 


tXHOV 


Clock Rising Edge to Input Data Valid 


700 


10tCLCL-133 


ns 



Shift Register Mode Timing Waveforms 



iO|1|2|3|4 l5rS[7|Sr 

; Xj~~LJ~T_r~L_rn_j~i_j — i__r~"L_r~ 




i OUTPUT DATA , 

WRITE TO S8UF 
, INPUT 3ATA, 

CLGIRRI 



>®O®0®0@0<®0@0<@0«®< 

SET Hit 



AC Testing Input/Output Waveforms m Float Waveforms 



0.4s v 




TEST POWTS 
02^0.1 V 




LOAD" 



V «©J V 



Tiininy Rdfersnce 
Paints 



'4omc 1. AC Inpu«dorinj toting tteAirea a Vcc - 0^ V fori 
lope 1 and 0.47 V for a logic a Timing raeasuie- 
raena vc made at Vm mia for i loffc 1 and Vn. m 
for a togk 0. 



Note: 1. For timing purpose). * port pin is no longer floating vhr -a 
1 100 raV change from load Yoltage ocean. Apart 
pin begins to float when 1 100 mV change from £c 
loaded VowrVat. levd occun. 
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Ordering Information 



Speed 


Power 
Supply 


OnisrinQ Codo 


Package 


Operation Rang* 


19 
i* 


v to D.u v 


AT&9C251-T2SC 


208 


r^fWMMMm 1 

uonwnwctai 
((TC to 70*0) 






AT89C251-1ZSI 


20S 


inuU8in«J 

(-4(rCtoss°q 






ATB9C251-12PA 
ATBBC251-12SA 


20P3 
208 


(-WCtottSfJ:) 


if? 


4 O Vte ft O V 


ATB8R9S1 .1 ItPC 
nlwvlEvi twi V/ 

AT89C251-16SC 


90P3 

20S 


wu i if npiwai 

(0*Cta70°C) 






ATMW)C4 IBM 

AT89CZ51 -i 6P1 
ATB9C251-16SJ 


ZQP3 
20S 


inaustiiai 






A I BBCZ5 1 - 1 BfA 
AT89C251-1BSA 


MM 

20P3 
20S 


j 1 | 1 ill !■ 

Automottw 
to 125"C) 


20 


3 3 V to B V 


AT89C251-20SC 


20P3 
208 


C Bt^fl^B^Raa^Lnr^lSai 

(irCtoTcrc) 






AT89C251-20P1 
ATB9C251-20SI 


20P3 
208 


Industrial 
(-40*C to B5»C} 


24 


3JVto6.0V 


AT89C251-24PC 
ATB9C251-24SC 


20P3 
203 


Commercial 
(o o cto7(rc) 



TOTAL P. 10 



